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Description 

[0001] The present invention relates to metallocene 
catalysts which can be easily heterogenized on an inor- 
ganic support. 

STATE OF THE ART 

[0002] Organocomplexes of elements belonging to 
group IV, in combination with alkylaluminoxanes and/or 
boron compounds, lead to the formation of polymeriza- 
tion catalysts, whose activities are sometimes better 
than those obtained with the typical Ziegler-Natta cata- 
lysts (Makrom. Chem. V79, 2553 (1978) and 16^ 163 
(1973), DE 1022382, US 3184416, US 3440237, EP 
277004 and EP 426637). 

[0003] It is very well known that homogeneous cata- 
lytic systems present a disadvantage: when they are 
used in suspension polymerization processes, a part of 
the produced polymer adheres to the reactor walls; this 
effect is technically called "reactor fouling". Besides, in 
most cases, the particle size of the obtained polymer is 
very small and the apparent density is low, thus the in- 
dustrial production is reduced. In order to prevent the 
reactor from fouling and to control the size and the mor- 
phology of the polymer particles which are formed, the 
homogeneous system can be supported on an inorganic 
oxide. 

[0004] In the last years three different preparatory 
strategies have been used in order to reach this aim: 
cocatalyst heterogenization, metallocene heterogeniza- 
tion or heterogenization of both components on a fit sup- 
port. 

[0005] Several patents describe heterogeneous cat- 
alyst synthesis through processes initially based on the 
cocatalysts fixation onto the support. 
[0006] US 4939217 and US 5064797 patents de- 
scribe a heterogenization process based on the prepa- 
ration "in situ" of aluminoxane on the support. The meth- 
od consists in bubbling an inert humidified gas directly 
inside a solution of an aluminium alkyl in the presence 
of the support. When an organocomplex solution is add- 
ed to this heterogenized cocatalyst, the catalyst is het- 
erogenized. 

[0007] Patents EP 323716, EP 361866, EP 336593, 
EP 367503, EP 368644 and US 5057475 describe a dif- 
ferent process from the previous one. In this case the 
cocatalyst is heterogenized through direct reaction of 
the aluminium alkyl with the superficial hydratation wa- 
ter molecules of the support. In a similar way to the one 
described in the previous patents, the organocomplex 
fixation is then obtained through close contact of an or- 
ganocomplex solution with a suspension of the modified 
support. 

[0008] In both cases it may happen that part of the 
aluminium cocatalyst is not homogeneously distributed 
on the support surface. Besides, it is rather difficult that, 
going front one preparation to another, you succeed in 



exactly reproducing the heterogenized aluminoxane 
structure and molecular weight. Another serious disad- 
vantage is the migration of the active species into the 
homogeneous phase during the polymerization reac- 
5 tion. 

[0009] WO-A-97/281 70, which is a prior art under Art. 
1 58(1 ) EPC, discloses a new catalyst precursor in which 
alkoxy or siloxy substitution in the 2-position of indenyl 
compounds has been carried out. The catalyst obtained 
10 thereby is however used in homogeneous conditions in 
olefin polymerization. 

[001 0] EP 29381 5 describes the metallocene fixation 
according to the reactivity of the alkoxysilane functional 
group (Me 2 (EtO)Si-) with superficial hydroxy groups of 
the inorganic oxide. The activity in polymerization is not 
very high, probably because a high percentage of the 
organocomplex is deactivated. An additional disadvan- 
tage are the low yields obtained in the preparation of 
this type of functionalized organometallic compounds. 
[0011] The object of the present invention is to avoid 
these disadvantages through a process for synthesizing 
supported catalysts for (co)polymerization of ethylene 
and alpha-olefins with 3 or more carbon atoms, such as 
propene, 1-butene, 1-pentene, 1-hexene 4-methyl- 
1-pentene and 1-octene. Differently from other more 
conventional methods, this heterogenization process is 
based on the reactivity of OSiR" 3 functional groups of 
the organo-complexes with the superficial reactive 
groups of the catalytic support. Predictably, the fixation 
of this type of metallocenes, functionalized with groups 
OSiR" 3 , is due, as it is described in figure IV, to the re- 
action between the groups-OSiR" 3 of the organometallic 
complexes and the reactive groups of the support. 
[0012] Another object of the present invention is the 
use of the organometallic complexes of formula I and II 
as homogeneous catalysts for olefins homopolymeriza- 
tion and copolymerization. - 

[0013] Thanks to the methods described in the 
present invention, heterogeneous catalysts can be ob- 
tained; they allow to effectively control the morphology 
and the distribution of particle sizes, with a regular 
growth of the polymer around the catalyst particles. 

DETAILED DESCRIPTION OF THE INVENTION. 

[001 4] The present invention relates to homogeneous 
and heterogeneous catalytic systems containing metal- 
locene complexes of transition metals with al least one 
group R-OSiR" 3 potentially reactive to support. 
[001 5] According to the present invention the catalytic 
system at least includes one* metallocene complex of 
general formula I or II 

I (L(R) a ) x MX y 
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(R). 
I 

/ \ 

[(R) c -Q] m MX, II 

\ / 
L 2 



wherein: 

R, equal to or different from each other, is a radical 
which contains from 1 to 20 carbon atoms; this group 
optionally contains heteroatoms of groups 14 to 16 of 
the periodic table of the elements and boron ; at least 
one group R contains a group OSiR" 3 ; preferably it is: 
C r C 2Q alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryi, C 7 - 
C 20 alkenyl, C 7 -C 20 arylalkyl, C 7 -C 20 arylalkenyl or alky- 
laryl, linear or branched or a group SiR' 3 wherein R' is 
c r c 20 a|k y'. C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 
alkenyl, C 7 -C 20 arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, 
linear or branched or OSiR" 3 , wherein R n is selected 
from the group comprising: C r C 20 alkyl , C 3 - 
C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 alkenyl, C 7 -C 20 ary- 
lalkyl, C^C^ arylalkenyl or alkylaryl, linear or branched. 
[0016] Non limitative examples of R containing the 
group OSiR" 3 are: 

-CH 2 -CH 2 -OSiMe 3 ; -CH 2 -CH 2 -CH 2 -OSiMe 3 ; -CH 2 -0- 
CH 2 -OSiMe 3 ; -0-CH 2 -CH 2 -OSiMe 3 ; -SiMe 2 -CH 2 -CH 2 - 
OSiMe 3 ; -CH 2 -C 5 H 5 -CH 2 -OSiMe 3 ; -CH(C 2 H 5 )-CH 2 - 
OSi(C 2 H 5 ) 2 Me; -C 5 H 5 -CH 2 -OSi(C 5 H 5 ) 3 ; -C 5 H 5 -C 5 H 5 - 
CH 2 -OSi(iPr) 3 ; -C(CH 3 ) 2 -CH 2 -C 5 H 5 -CH 2 -CH 2 -OSi 
(C S H„) 3 \ -C 5 H 5 -CH 2 -CH 2 -OSi(CH 2 Ph) 3 ; -C(CH 3 ) 2 -C 
(CH 3 ) 2 -OSi(PhMe) 3 ;-CH(CH 3 )-CH(CH 3 )-OSi(C 2 H 5 ) 
(Me) 2 . 

[001 7] Preferably the group R that contains OSiR° 3 is 
selected from the group comprising: -CH 2 -CH 2 -OSiMe 3> 
-CH 2 -CH 2 -CH 2 -OSiMe 3 , -CH 2 -0-CH 2 -OSiMe 3 , -O- 
CH 2 -CH 2 -OSiMe 3 , -SiMe 3 -CH 2 -CH 2 -OSiMe 3 . 
[0018] m value can vary from 1 to 4 and it preferably 
is 1 or 2. Q is selected from a group comprising: boron 
or an element from groups 1 4 or 1 6 of the periodic table; 
when m > 1 , the groups Q are equal to or different from 
each other; the free valences of every Q are filled with 
groups R according to the value of c index; two groups 
R are optionally united to form a ring from 5 to 8 atoms. 
[001 9] L, equal to or different from each other, is a cy- 
clic organic group united to M through a n bond; it con- 
tains a cyclopentadienyl ring, that optionally is fused 
with one or more other rings to form for example: tet- 
rahydroindenyl, indenyl, fluorenyl or octahydrofluorenyl 
group; or it is an atom from groups 15 or 16 of the peri- 
odic table; when it is an atom from groups 15 or 16 of 
the periodic table (heteroatom) , it preferably is an oxy- 



gen or nitrogen atom, directly bonded to the metal. 

L-, and L 2 , equal to or different from each other, have 
the same meaning of L; 
s M is a metal from groups 3, 4, 10 of the periodic 
table, lanthanide oractinide; preferably it is Ti, Zror 
Hf; 

X , equal to or different from each other, is selected 
from a group comprising: halogen, hydrogen, OR"', 
10 N(R B, ) 2 , C r C 20 alkyl or C 6 -C 20 aryl; wherein R"' is 
selected from the group comprising: C,-C 20 alkyl , 
C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, Cj-C^ alkenyl, C 7 - 
arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, linear 
or branched; 

is x is 1 or 2, y is 2 on 3 in such a way that x + y = 4 
d ranges from 0 to 2; 

a, b and c are integers from 0 to 10, in such a way 
that a + b + c> 1 , the maximum value for a and b 
depends on the available positions in L, or L 2 ; for 

20 example, for the cyclopentadiene, in general formu- 
la I, 5 is the maximum value for a, on the contrary 
in the general formula II, for cyclopentadiene, 4 is 
the maximum value for a or b; for nitrogen in the 
general formula II, a or b is 1 , for oxygen it is 0; the 

25 value of c index depends on the free valences of 
group Q, for example, if Q is equal to a silicon atom 
or carbon atom the value of c is 2; if Q is a boron 
atom the value of c is 1 . 

30 [0020] Examples of [R) c Q] m when m is equal to 1 and 
c is equal to 2 are: R 2 Si, R 2 C. 

[0021 ] Examples of [(R) c Q] m when m is equal to 2 and 
c is equal to 2 are: R 2 Si-CR 2 , R 2 C-CR 2 , R 2 Si-SiR 2 . 
[0022] Examples of [(R) c Q] m when m is equal to 3 and 
35 c is equal to 2 or 1 are: RgSi-O-SiRg, R 2 Si-OCR 2 , RB- 
O-BR. 

[0023] The metallocene complexes belonging to the 
general formula I, where x = 2, and those belonging to 
formula II where d = 2 can be prepared through reaction 

40 of a metal compound of general formula MX^E)^ 
wherein E is a linear or cyclic ether, q is a number be- 
tween 0 and 4 and n is 3 or 4 with another compound of 
general formula [(L(R) a )]M' or [(R) a L r ((R) c Q) m -L 2 (R) b ] 
M' 2 wherein M' is an alkali metal, preferably Li, Na or K. 

45 The preferred compound of the transition metal is tetra- 
chloride and sometimes, when the metal is titanium, it 
is trichloride or its aduct with a cyclic ether such as tet- 
rahydrofurane. 

[0024] The reaction between the metal compound 
so and the alkali metal derivative is preferably carried out 
in a dry nitrogen atmosphere, by using anhydrous sol- 
vents such as linear or cyclic ethers such as dietylether, 
tetrahydrofurane or dioxane, or aromatic hydrocarbon 
such as toluene. 
55 [0025] The alkali metal compound of form u la [(L(R) a )] 
M' can be prepared from the compound of formula L 
(R) a H through reaction with a lithium alkyl, with a sodium 
or potassium hydride or directly with the metal. 
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[0026] On its turn, the ligand L(R) a H, when L is or con- 
tains a cyclopentadienyl ring, can preferably be ob- 
tained from cyclopenadiene or indene through reaction 
of its sodium salts in the first case and potassium salt in 
the second case, with a compound R-S, where R has 
previously been defined and S is a proper leaving group 
such as halide or alkyl or aryl sulphonate. The reaction 
will be repeated as many time as necessary, according 
to the following scheme for a equal to 3 

LM' + RS LR +M'S 



LRM' + RS -> LR 2 +M'S 

LR 2 M' + RS -> LR 3 +M'S 

[0027] The alkali metal compound [(R) a L,-[(R) c Q] m - 
L 2 (R) b ]M' 2 can be obtained through reaction of two 
equivalents of a metallizing agent such as lithium alkyl, 
e.g. MeU or BuLi, or alternatively sodium or potassium 
hydride, with a compound of formula ((R) a HL|-[(R) c Q] m - 
L 2 H(R) b ). When a group L is an oxygen or nitrogen atom, 
the preferred metallizing agent is lithium alkyl. The com- 
pound of formula [(R) a HL 1 -((R) c Q) m -L 2 H(R) b ] can be 
obtained through reaction of the alkali metal compound 
[l^r-KRyivr or [L 2 H(R) a ]M' or mixtures thereof with a 
compound of formula S-[(R) c Q] m -S, where S is a proper 
leaving group, such as halogen (CI, Br, I), or aryl or alkyl 
sulphonate. 

[0028] The preferred metallocene complexes of for- 
mula I correspond to compounds wherein: 

M is zirconium 

R is CyC 4 alkyl, wherein at least one hydrogen of 
one R is substituted with OSiR n 3 , wherein R" is se- 
lected from the group comprising: methyl, ethyl, 
propyl 

L is a cyclopentadienyl or indenyl group 
x-2 and y = 2 

[0029] The preferred complexes of general formula II, 
wherein L-, and L 2 are cyclic organic compounds, cor- 
respond to compounds wherein: 

M is zirconium 

and L 2 are cyclopentadienyl or indenyl groups 
R is hydrogen, a C r C 4 alkyl wherein at least one 
hydrogen of one R is substituted with group OSiR" 3 
or a group SiR n 2 -OSiR"3, wherein R n is selected 
from the group comprising: methyl, ethyl, propyl 
[(R) c Q] m is selected from the group comprising: 
H 2 C-CH 2 , CRH-CH 2 , RHC-SiR' 2l R 2 C-SiR' 2 or 
SiRR\ 

[0030] The preferred complexes of general formula II 



wherein one of L, and L 2 is an oxygen or nitrogen atom 
correspond to compounds wherein: 

The other group L, or L 2 is a cyclopentadienyl, in- 
s denyl or fluorenyl ring 
M is titanium 

- [(R) c Q] m is H 2 C-CH 2 , CRH-CH 2 , , RHC-SiR' 2 , R 2 C- 
SiR" 2 orSiRR'. 

10 [0031] The compounds of formula I or II can be sup- 
ported on a proper inorganic support. As supports, any 
type of inorganic oxides can be used, for example inor- 
ganic oxides, such as: silica, alumina, silica alumina, 
aluminium phosphates and mixtures thereof, obtaining 

is supported catalysts with contents in transition metals 
between 0.01 and 10% by weight, preferably between 
1 and 4%. 

[0032] A method that can be fit for preparing support- 
ed catalysts according to this invention consists in the 

20 impregnation, under anhydrous conditions and inert at- 
mosphere, of the solution of any metallocene of formula 
I or II, or a mixture thereof, on the supporting material 
at a proper temperature, preferably between -20° C and 
90 °C. The supported catalyst that contains the metal- 

25 locene can be obtained through filtration and washing 
with a proper solvent, preferably an aliphatic or aromatic 
hydrocarbon without polar groups. 
[0033] Another method that can properly be used con- 
sists in depositing the metallocene on the support by us- 

30 ing a solution of the compound that has to be hetero- 
genized, eliminating the solvent through evaporation 
and then warming the solid residue at a temperature be- 
tween 25 and 1 50°C. Besides, the resulting residue, ob- 
tained by this process, can be subjected to washing and 

35 subsequent filtration. 

[0034] The process can also be carried out in the 
presence of a cocatalyst that for example can be mixed 
with a metallocene in a proper solvent and then the re- 
sulting solution can be put in contact with the support. 

40 [0035] The amount of the organometallic complex 
which can be anchored in these conditions directly de- 
pends on the concentration of the reactive groups 
present in the support. For this reason silica, for exam- 
ple, should preferably have been calcinated at a tem- 

45 perature between 600° C and 800° C. 

[0036] r An advantageous aspect of this invention is 
that the fixation method, as a consequence of the reac- 
tion of groups R, which contain the -OSiR" 3 entity with 
reactive groups of the support surface, prevents the de- 

50 sorption of the supported metallocene complexes. This 
type of interaction represents the main difference be- 
tween the organocomplexes heterogenization mecha- 
nism and other conventional methods, where the met- 
allocene complex generally remains physisorbed on the 

55 support surface. The organocomplex fixation to the in- 
organic support is based on the reaction of the reactive 
groups of the support with the group -OSiR" 3 or groups 
of the metallocene, as it is described in figure IV. 
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[0037] Metallocene complexes of formula I or II, indi- 
vidually or supported, can be used in the presence of a 
cocatalyst for olefins polymerization or copolymeriza- 
tion, either in solution or suspension process. 
[0038] When X is a halogen, OFT or N(FT) 2 the pre- 
ferred cocatalysts are alkylaluminoxane, especially 
methylaluminoxane compounds , when X is hydrogen 
or alkyl the preferred cocatalysts is a Lewis acid such 
as B(C 6 F 5 ) 3 . In addition mixtures of both aluminoxane 
and boron derivatives can be used as cocatalysts. 
[0039] The most proper polymerization procedure 
can change according to the chosen type of polymeri- 
zation process (solution, suspension or gas phase). 
[0040] For the polymerization in solution, the cocata- 
lyst can be mixed with a solution of a metallocene of 
formula I or II and a supplementary quantity of it can be 
added to the solution; or the catalyst can directly be add- 
ed to the polymerization medium, which contains the co- 
catalyst. 

[0041] For the polymerization in suspension, the co^ 
catalyst can previously be mixed with the supported sol- 
id catalyst, can be added to the polymerization medium 
before the supported catalyst, or both operations can be 
sequentially carried out. 

[0042] The process consists in putting in contact the 
monomer, or, in certain cases, the monomer and the 
comonomer, with a catalytic composition according to 
the present invention, that includes at least one metal- 
locene complex of formula I or II, at a proper tempera- 
ture and pressure. 

[0043] The alpha-olefins that can be used as comon- 
omers to obtain ethylene copolymers can be propylene, 
butene, hexene, octene or branched ones such as the 
4-methyl-1-pentene and can be used in proportions 
from 0,1 to 70% by weight of the total of the monomers. 
In the case of homopolymerization of ethylene the den- 
sity of polymers range between 0,950 and 0,965 g/cm 3 
in the case of copolymerization of ethylene the density 
is as low as 0,900 g/cm 3 . 

[0044] To control the molecular weight of the obtained 
polymers, hydrogen can optionally be used as chain 
transfer agent in such proportions that the hydrogen par- 
tial pressure, with respect to the olefin one, is from 0,01 
to 50%. 

[0045] In the particular case of the polymerization 
technique known as suspension process or controlled 
particle morphology process, the used temperature will 
be between 30° and 100 °C, the same which is typically 
used in gas phase, while for the solution process the 
usual temperature will be between 120° and 250°C. 
[0046] The used pressure changes according to the 
polymerization technique; it ranges from atmospheric 
pressure to 350 MPa. 

[0047] Figure I shows examples of compounds ac- 
cording to formula I; figure II shows examples of com- 
pounds according to formula II, wherein both L, and L 2 
contain a cyclopentadienyl derivative. In figure III there 
are examples of compounds according to formula II, 



8 

wherein an group L is an oxygen or nitrogen atom and 
the other group contains a cyclopentadienyl derivative. 
Figure IV shows the reaction between the siloxane 
groups of the supports and the groups -OSiR" 3 of the 

s organo-metallic complexes. 

[0048] The following examples are described in order 
to better understand the invention. The materials, the 
chemical compounds and the conditions used in these 
examples are illustrative and do not limit the scope of 

10 the invention. 

EXAMPLE 1 

a) Preparation of (dimethylHtrimethylsiloxv)-silyl-cyclo- 
15 pentadiene 

[0049] To a solution of 20.9 g (187 mmol) of sodium 
trimethylsilanolate in tetrahydrofurane, 30.3 g (191 
mmol) of chlorocyclopentadienyl-dimethyl-silane in tet- 
-20 . rahydrofurane is added at room temperature and a pink 
suspension immediately is formed. It is left reacting 12 
hours. Then, it is neutralised with an ammonium chloride 
, aqueous solution, the organic phase is extracted, dried 
. with anhydrous magnesium sulphate and the solvent is 
25 eliminated^ under vacuum; an orange oil is recovered. 
This oil is distilled and. the desired product is obtained 
as a pale yellow oil. (T b : 60° C; 0.014 bar (10 mmHg)). 
(31.6 g, 149 mmol. Yield: 80%). 1 H-NMR (CDCI 3 ): 6.65 
. (m, 2H),'6.54 (m,2H), 3.52 (s,1H), 0.60 (s,9H), -0.2 (s, 
30 6H). 

b) Preparation of potassium (dimethylHtrimethvlsiloxvl- 
silvl-cyclopentadienide 

35 [0050] To a suspension of 0.6 g (15 mmol) of potas- 
sium hydride in tetrahydrofurane, a solution of 3.1 g of 
(dimethyl)-(trimethylsiloxy)-silyl-cyc!opentadiene is 
added at -78°C and a strong H 2 evolution is observed. 
It is maintained under stirring until room temperature is 
40 achieved. It is left reacting for about 1 hour until ail the 
- - potassium hydride is reacted. The tetrahydrofurane so- 
lution is concentrated under vacuum and a clear yellow 
solid is obtained. (3.45 g, 13.8 mmol. Yield: 92%). 

45 c) Preparation of cyclopentadienyl f((dimethyltrimethvl- 
siloxvl-silvD-cvclopentadienyll zirconium dichloride 

[0051] To 5.2 g (14 mmol) of an adduct of cyclopen- 
tadienyl zirconium trichloride with dimethoxyethane in 

so toluene, a suspension of 3.45 g (13.8 mmol) of potassi- 
um dimethyltrimethylsiloxy-silyl-cyclopentadienide in 
toluene is added at -78° C. The suspension is main- 
tained under stirring for 24 hours; after settling, a yellow 
solution is filtered. The yellow solution is concentrated 

55 up to 20 ml; then, some hexane is added and a crystal- 
line white solid precipitates. (3.1 g, 7.1 mmol. Yield: 
51%). 1 H-NMR (C 6 D 6 ): 6.45 (t,2H), 6.03 (s,5H), 5.95 (t, 
2H), 0.39 (s,6H), 0.09 (s,9H). 1 3 C-NMR (C 6 D 6 ); 125.4, 



35 



40 
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123.6, 117.3, 115.9, 2.0. Mass spectrum. M+-15: m/e 
422.9 (32%). 

EXAMPLE 2 

a) Preparation of bisKfdimethvltrimethylsiloxvl-silyl)- 
cyclopentadienyll zirconium dichloride 

[0052] To 0.93 g (4 mmol) of zirconium tetrachloride 
a suspension of 2.02 g (8 mmol) of potassium dimeth- 
yltrimethylsiloxy-silyl-cyclopentadienide in hexane is 
added at -78° C. The formation of a yellow suspension 
is observed. It is left under stirring for 12 hours. Then 
the solution is filtered and concentrated and a yellowish 
crystalline solid is obtained. (0.75 g, 1.3 mmol. Yield: 
32%). 1 H-NMR (C 6 D 6 ): 6.58 (t,2H), 6.13 (t,2H), 0.45 (s, 
6H), 0. 1 4 (s,9H). 1 3 C-NMR (C 6 D 6 ): 1 26.2, 1 24. 1 , 1 1 6.5, 
2.13, 2.06. Mass spectrum. M + - 15: m/e 569 (15%) 

EXAMPLE 3 

a) Preparation of 2-bromo-1 -trimethvlsiloxyethane 

[0053] To 125 g (888 mmol) of 2-bromo-ethanol, 95 
ml (1 450 mmol) of hexamethyldisilazane are slowly add- 
ed at 0° C. Ammonia evolution is immediately observed. 
The reaction is maintained under stirring for 12 hours 
and a colourless oil is obtained. (168.8 g 856 mmol. 
Yield:96%) 1 H-NMR (CDCI 3 ): 3.66 (t,2H), 3.40 (t,2H), 
0.14 (s,9H). 

b) Preparation of (2-trimethvlsiloxv-ethvlVcvclopen- 
tadiene 

[0054] 150 ml of a 2.3 M sodium cyclopentadienide 
solution in tetrahydrofurane (346 mmol) is slowly added 
to a solution of 68.2 g (346 mmol) 2-trimethylsiloxy- 
1 -bromo-ethane in tetrahydrofurane. The immediate 
formation of a pinkish solid is observed. The reaction is 
maintained under stirring for 12 hours. Then, an ammo- 
nium chloride aqueous solution is added. The organic 
phase is extracted, dried with magnesium sulphate and 
the volatile part is distilled under vacuum, obtaining an 
orange oil. This oil is distilled in order to obtain a colour- 
less oil. (T b . : 63-65° C, 0.02 bar (15 mmHg.)). (40.3 g, 
221 mmol. Yield:64%). 1 H-NMR (CDCI 3 ): 6.50-6.00 (m, 
3H), 3.75 (m,2H), 2.95 (m,2H), 2.65 (m,2H), 0.1 5 (s,9H). 

c) Preparation of lithium (2-trimethylsiloxv-ethyl)- 
cyclopentadienide 

[0055] To 7.33 g of (2-trimethylsiloxy-ethyl)-cyclopen- 
tadiene in ether, 16 ml of a 2.5 M butyllithium solution in 
hexane (40 mmol) is added. The addition is realised at 
-78° C. The immediate formation of a white solid and 
butane evolution are observed. It is maintained reacting 
for 3 hours. Then it is dried; the resulting solid washed 
with hexane, leaving a powdery white solid. (6.1 9 g, 33 



mmol, Yield: 82%). 

d) Preparation of bis[(2-trimethylsiloxy-ethvl)-cyclopen- 
tadienyll zirconium dichloride 

[0056] To 1 .37 g (5.9 mmol) of zirconium tetrachloride, 
a suspension of 2.2 g (11 .7 mmol) of lithium (2-trimeth- 
ylsiloxy-ethyl)-cyclopentadienylide is added at -78° C. 
An orange suspension is immediately formed. The re- 

10 action is maintained under stirring for 12 hours. Finally, 
the solution is filtered, concentrated to dryness, and a 
yellow oily solid is recovered, which is mixed with hex- 
ane and a yellow solid is obtained. (1.05 g, 2 mmol. 
Yield: 34%). 1 H-NMR (C 6 D 6 ): 6.02 (t,2H), 5.72 (t,2H), 

is 3.62 (t,2H), 2.89 (t,2H), 0.05 (s,9M). 13 C-NMR (C 6 D 6 ): 
117.7, 112.0, 111.2, 62.6, 34.0, -0.45. Mass spectrum. 
M+-15 : (509). 1.24%. 

EXAMPLE 4 

20 ' 

a) Preparation of potassium (2-trimethvlsiloxy-ethvD- 
cvclopentadienide 

[0057] To a suspension of 0.5 g (1 2.4 mmol) of potas- 
25 sium hydride in tetrahydrofurane, 2.25 g (12.4 mmol) of 
(2-trimethylsiloxy-ethyl)-cyclopentadiene in tetrahydro- 
furane is added. The reaction is maintained under stir- 
ring for 2 hours and then the volatile compounds are 
eliminated, Jeaving an oily solid which is washed with 
30 hexane in order to" obtain a brown solid. (2.2 g Yield: 

81%) ' 

b) Preparation of cyclopentadienyl ((2-trimethvlsiloxv- 
ethvh-cvclopentadienyl) zirconium dichloride 

35 

[0058] To a suspension of 3.52 g (1 0 mmol) of an ad- 
duct of cyclopentadienyl zirconium trichloride with 
dimethoxyethane in toluene, a suspension of 2.2 g (10 
mmol) of potassium (2-trimethylsiloxyethyl)-cyclopenta- 
40 dienide in toluene is added. The addition is carried out 
at -78° C. An orange-brown suspension is immediately 
formed; it is maintained under stirring for 12 hours; then 
it is left settling and it is filtered. The obtained orange 
solution is concentrated up to 5 ml and hexane is added, 
45 so that a brown solid is obtained. (1.1 g, 2.7 mmol. Yield: 
27%). 1 H-NMR: 6.00 (t,2H), 5.87 (s,5H), 5.67 (t,2H), 
3.66 (t,2H),.2.92 (t,2H), 0. 1 1 (s,9H). Mass spectrum. M + - 
65: (343): 33%. 

50 EXAMPLE .5, ■ 

a) Preparation of 3-bromo-1-trimethvlsiloxypropane 

[0059] To 12:2 g (76 mmol) of hexamethyldisilazane, 
55 21 g (15.1 mmol) of 3-bromo-1 -propanol is added. Am- 
monia evolution is immediately observed. The reaction 
is-maintained under stirring for 2 hours and 24.5 g (148 
mmol) of the desired compound is finally obtained. Yield: 
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98%. 1 H-NMR (CDCI 3 ): 3.74 (t,2H), 3.55 (t,2H), 2.09 (m, 
2H), 0.14 (s,9H). 

b) Preparation of (3-trimethvlsitoxvpropyl)-cvclopen- 
tadiene 

[0060] To 50 ml of a 2.3 M solution of sodium cy- 
clopentadienylide (115 mmol), a solution of 24.3 g (115 
mmol) of 3-bromo-1-trimethylsiloxypropane in tetrahy- 
drofurane is added. The quick format ion of a pinkish sol- 
id is observed. The reaction is maintained under stirring 
for 1 2 hours and then it is neutralised with an ammonium 
chloride solution; the organic phase is extracted and 
concentrated to dryness in order to give an orange oil. 
(9.8 g, 50 mmol. Yield: 43%). 1 H-NMR (CDCI 3 ): 
6.47-6.00 (m,3H), 3.62 (m,2H), 2.95 (m,1H), 2.87 (m, 
1H), 2.43 (m,2H), 1.80 (m,2H), 0.17 (s,9H). 

c) Preparation of lithium (3-trimethylsiloxv-propyQ- 
cvclopentadienide 

[0061] To a solution of 2.62 g (13.4 mmol) of (3-tri- 
methylsiloxypropyl)-cyclopentadiene in ether, 5.36 ml of 
a 2.5 M (13.4 mmol) butyl lithium solution in hexane is 
added at -78° C. The immediate formation of a white 
solid is observed. The reaction is maintained under stir- 
ring for 2 hours; then, the white suspension is brought 
to dryness, the resulting solid is washed twice with hex- 
ane and a powdery white solid is obtained. (2.3 g, 11.4 
mmol. Yield: 85%). 

d) Preparation of bis[(3-trimethvlsiloxvpropvl)-cvclo- 
pentadienyll zirconium dichloride 

[0062] To a suspension of 1 .33 g (5.7 mmol) of zirco- 
nium tetrachloride, a suspension of 2.3 g (11 .4 mmol) of 
lithium (3-trimethylsiloxypropyl)-cyclopentadienylide is 
added at -78° C. An orange suspension is immediately 
formed and the reaction is maintained under stirring for 
12 hours. It is subsequently filtered and the resulting so- 
lution is concentrated up to 5 ml, hexane is added and 
a microcrystalline white solid is formed. (1.27 g, 2.3 
mmol Yield:40%). 1 H-NMR (C 6 D 6 ): 5.95(t,2H), 5.77 (t, 
2H), 3.52 (m,2H), 2.81 (m,2H), 1.80 (m,2H), 0.15 (s,9H). 
Mass spectrum: M+-15 : (357): 59%. 

EXAMPLE 6 

a) Preparation of potassium (3-trimethylsiloxvpropyl)- 
cyclopentadienide 

[0063] To a suspension of 0.4 g (10 mmol) of potas- 
sium hydride in tetrahydrofurane, 1 .96 g (10 mmol) of a 
(3-trimethylsiloxy-propyl)-cyclopentadiene in tetrahy- 
drofurane is added. The reaction is maintained under 
stirring for 2 hours. Subsequently, the resulting suspen- 
sion is concentrated to dryness, leaving an oily solid 
that, when it is washed with hexane, gives a cream-col- 



oured solid. (1.6 g, 7 mmol. Yield:70%). 

b) Preparation of Icvclopentadienyl (3-trimethvlsiloxv- 
propvD-cvclopentadienyll zirconium dichloride 

s 

[0064] To a suspension of 2.46 g (7 mmol) of cy- 
clppentadienyl zirconium trichloride in toluene, a sus- 
pension of 1 .6 g (7 mmol) of potassium (3-trimethylsi- 
loxypropylj-cyclopentadienide in toluene is added. A 
10 yellow-brown-coloured suspension immediately precip- 
itates. The reaction is maintained for 12 hours. Subse- 
quently, the solution is filtered and concentrated and a 
crystalline white solid is formed . (0.8 g, 2 mmol, 
28%). 1 H-NMR (C 6 D 6 ): 5.87 (t,2H), 5.65 (t,2H), 3.46 (m, 
2H), 2.74 f (m,2H), 1.73 (m,2H), 0.14 (s,9H). 13 C-NMR 
(C 6 D 6 ): 116.9, 1.1 5.0,. ,11 4.7, 112.2, 61.8, 33.6, 26.8, 
-0.393. Mass spectrum: M + -65(356): 30%. 



cyclopentadienvn zirconium dichloride on silica 

[0065] To a suspension of 1 2 g of silica (Grace XPO- 
2407, calcined at 800° C) in 70 ml of toluene, a solution 
of 4.1 g of the compound prepared according to the de- 
scription in example 5d in 20 ml of toluene is added. The 
reaction mixture is maintained under stirring at 25° C for 
18 hours. The solution is separated from the solid 
through filtration. 

[0066] Then, the solid is washed with various fractions 
of toluene, up to a total volume of 500 ml and dried under 
vacuum for 1 8 hours. The Zr content in the sample was 
determined through ICP and resulted to be 1 .7%. 
[0067] When the same sample was washed with 50 
ml (in three fractions) of a MA0 1 ,5 M solution in toluene, 
the Zr percentage which was left in the sample lowered 

to 1.1%: 

EXAMPLE 8 

Heterogenization of Icvclopentadienyl (3-trimethyl- 
siloxvpropvD-cvclopentadienyll zirconium dichloride on 
silica 

[0068] - To a suspension of 3 g of silica, in about 70 ml 
of dry toluene, 0.5 g (1.32 mmol) of a compound pre- 
pared according to example 6b is added. 
[0069] The reaction mixture was maintained under 
stirring at 25°C for about 18 hours. The solid was sep- 
arated from the solution through filtration. Then, the re- 
sulting solid was washed with a total volume of 500 ml 
of toluene and dried under vacuum for 12 hours. The 
zirconium. analysis through ICP gave 1.7% in the sam- 
ple. - - 
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Heterogenization of bis[(3-trimethylsiloxvpropvl)- 
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EXAMPLE 9 

Heteroqenization of b \s\ (2-1 rim ethyls iloxyethyll-cyc I o- 
pentadienyll zirconium dichloride 

[0070] To a suspension of 3 g of silica (Grace XPO- 
2407 calcinated at 800° C) in 70 ml of toluene, a solution 
of 0.5 g of the compound described in example 3d in 20 
ml of toluene is added. The reaction mixture was main- 
tained at 40°C for 18 hours under stirring. The solution 
was separated from the solid through filtration. The solid 
resulting from the reaction was analysed through ICR 
which showed that the zirconium percentage in the sam- 
ple was 2.75%. 

[0071] Then, the solid was washed with three different 
fractions of toluene, up to a total volume of 500 ml and 
dried under vacuum for 18 hours. The Zr content in the 
sample was determined through I CP and gave 2.79% 
of zirconium. , 

EXAMPLE 10 

Heterogenisation of bisr(3-trimethvlsiloxvpropyl)-cyclo- 
pentadienyll zirconium dichloride on aluminum 
phosphate 

[0072] The compound was heterogenized through the 
same process used to support it on silica, according to 
the description in example 7, but using aluminium phos- 
phate (Grace APGE) instead of silica (Grace XPO- 
2407). 

[0073] The Zr content in the sample was determined 
through X rays fluorescence and gave 2% of zirconium. 

EXAMPLE 11 

Ethylene polymerization 

[0074] The ethylene polymerization reactions were 
completed in a 1 litre-capacity Buchi reactor in anhy- 
drous conditions. The reactor, charged with 600 ml of 
dry and degassed heptane, was conditioned at 70° C. 
Before pressurising the reactor with ethylene the cocat- 
alyst was injected at a pressure of 1 atm. Then, the re- 
actor was pressurised up to 3.75 atm. At the end, the 
catalyst was injected by using 0.25 atm of ethylene extra 
pressure. The polymerization reactions is maintained at 
these pressure (4 atm) and temperature (70° C) condi- 
tions. The suspension was stirred with the help of a stir- 
ring bar at 1200 rpm for 15 or 30 minutes. 
[0075] 1 3 ml (31 .8 mmol Al) of MAO from a 10% so- 
lution of aluminium in toluene (commercialized by Wit- 
co) were injected in the reactor; 0.1 g of [eye lope ntadi- 
enyl (3-trimethylsiloxy propyl) cyclopentadienyl] zirconi- 
um dichloride catalyst supported on silica, prepared ac- 
cording to the description in example 8 (18.24 jimol Zr), 
is added to this solution. Once completed, the polymer- 
ization reaction was maintained under stirring at a tem- 



perature of 70° C and 4 atm of ethylene pressure for 30 
minutes. At the end of the reaction the pressure was rap- 
idly reduced and the reaction was stopped by adding 
acidified methanol. 5.21 g of polymer having 
5 M w =157.824 is obtained (Activity: 1.4x10 5 g PE/(mol 
Zr*hr*atm). 

EXAMPLE 12 

10 Ethylene copolymerization with 1 -hexene 

[0076] The copolymerization reaction is carried out in 
the same conditions as those described for ethylene po- 
lymerization, after the comonomer initial addition in the 
is reactor. 

[0077] 10 ml of 1 -hexene (24.2% by mol of comono- 
mer in the feeding) and 13 ml of MAO, from an alumin- 
ium 10% solution (31.8 mmol Al), is injected in the re- 
actor 0.1 g of a [cyclopentadienyl (3-trimethylsiloxypro- 

20 py|) cyclopentadienyl] zirconium dichloride catalyst pre- 
pared according to the description in example 8 (1 8.4 
jj.mol Zr) supported on silica is added to this solution. 
The polymerization reaction was maintained at a tem- 
perature of 70° C and 4, 1 32 bar (4 atm) of ethylene pres- 

25 sure for 30 minutes. At the end, the pressure was rapidly 
reduced and the reaction was stopped by adding acidi- 
fied methanol. 5.14 grams of copolymer with: 
Mn=41970, Mw=220877, Mw/Mn=5.26 and 0.92% mo- 
lar of hexene is obtained. (Activity: 1 .4 1x10 s g PE/(mol 

30 Zr*hr*atm). 

EXAMPLE 13 

Ethylene copolymerization with 1 -hexene 

35 

[0078] Ethylene and 1 -hexene were copolymerized. 
To do this, the same method as the previous example 
(number 12) is used, but with the proviso that once the 
solvent is added and before pressurising the reactor, 4 

40 ml of dry and recently distilled 1 -hexene (1 2% of hexene 
in the feeding) is added. 13 ml of a MAO solution in tol- 
uene (1 .5 M of total aluminium) and 0.1 g of catalyst cat- 
alyst prepared according to the description in example 
8 are used. After 30 minutes of polymerization 1 .47 g of 

45 polymer is obtained (1 .65x10 s g PE/mol Zr*h*atm). The 
1 -hexene content in the copolymer, determined by 13 C- 
RMN, was 0.49% molar, distributed at random. 

EXAMPLE 14 

so 

Ethylene copolymerization with 1 -hexene 

[0079] Ethylene and 1 -hexene were copolymerized. 
To do this, the same method as example n. 12 was used, 
55 but with the proviso that' once the solvent is added and 
before pressurising the reactor, 1 6 ml of dry and recently 
distilled 1 -hexene (33.7% of hexene in the feeding) is 
added. 13 ml of a MAO solution in toluene (1 .5 M of total 
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aluminium) and 0.1 g of the catalyst are used. After 30 
minutes of polymerization 1.80 g of polymer were ob- 
tained (2.02x10 s g PE/mol Zr*h*atm). The 1-hexene 
content in the copolymer, determined by 13 C-NMR, was 
1 .33% molar, distributed at random. s 

EXAMPLE 15 

Ethylene polymerization 

10 

[0080] In the reactor 13 ml (31.8 mmol Al) of MAO, 
from a 10% solution of aluminium in toluene (commer- 
cialised by Witco), are injected. 0.1 g of a [cyclopenta- 
dienyl (3-trimethylsiloxypropyl) cyclopentadienyl] zirco- 
nium dich bride catalyst prepared according to the de- is 
scription in example 10 (35.77 ujtioI Zr) supported on 
aluminium phosphate is added to this solution. The po- 
lymerization reaction was kept at a temperature of 70° 
C and 4, 1 32 bar (4 atm) of ethylene pressure for 30 min- 
utes. When the reaction was considered completed, the 20 
pressure was rapidly reduced and acidified methanol 
was added. 2.16 grams of polyethylene was obtained. 
Activity: 0.24x1 0 4 g PE/(mol Zr*hr*atm). 

EXAMPLE 16 25 

Heterqenization of bis [(3-trimethvlsiloxvpropvl)cyclo- 
pentadienvll zirconium dichloride on silica 



EXAMPLE 18 

[0083] . .The polymerization reaction is carried out ac- 
cording to the. method and the conditions described in 
example 11, but the reactor temperature is 90 a C. 10 ml 
of a 10% MAO solution in toluene (commercialized by 
Witco) (1 5 mmol of Al) and 0,079 g (0,01 mmol of Zr) of 
the heterogeneous catalyst prepared according to ex- 
ample 16 are injected in the reactor. The polymerization 
reaction is maintained at a temperature of 90°C and at 
an ethylene pressure of 4 atm for 15 minutes. At the end 
of the reaction the reactor pressure is reduced and acid- 
ified methanol is added. 2.4 grams of polymer with Mw 
= 165.600, is obtained. 

EXAMPLE 19 

[0084] The polymerization reaction is carried out ac- 
cording to the method and the conditions described in 
example 18. 10 ml of a 10% MAO solution in toluene 
(commercialized by Witco) (15 mmol of Al) and 0.075 g 
(0,01 mmol of Zr) of the heterogeneous catalyst pre- 
pared according to example 1 7 are injected in the reac- 
tor. The polymerization reaction is maintained at a tem- 
perature of 90?C and at an ethylene pressure 4 atm for 
15 minutes. At the end of the reaction the reactor pres- 
sure is reduced and acidified methanol is added. 2.8 g 
of polymer is obtained. 



[0081] 0,220 g of bis[(3-trimethylsiloxypropyl) cy- 30 
clopentadienyl] zirconium dichloride is dissolved in 15 
ml of toluene, then, 0.7 ml of a 10% MAO solution in 
toluene (commercialized by Witco) is added and the 
mixture is maintained under stirring at room tempera- 
ture. 1 5 minutes later, the resulting solution is poured in 3$ 
a 100 ml flask, that contains 3 g of silica XPO-2407 
(commercialized by Grace), which has previously been 
calcinated at a temperature of 200° C and it is main- 
tained under mechanic stirring for 1 hour at a tempera- 
ture of 40°C. Once the reaction time has gone by, the 40 
solid is separated through filtration and washed with 
consecutive fractions of toluene up to a total volume of 
1 1 . The heterogeneous catalyst is finally dried under 
vacuum for 24 hours. The Zr and Al content determined 
through ICP is 1 . 1 5% and 0.7% respectively. 45 

EXAMPLE 17 

Heterogenization of bis[(3-trimethvlsiloxypropyl)cvclo- 
pentadienvllzirconium dichloride on silica so 

[0082] The process for the heterogenization of bis[ 
(3-trimethylsiloxypropyl) cyclopentadienyl] zirconium 
dichloride is the one described in example 16, but the 
silica is previously treated under vacuuum before being ss 
put in contact with the premixture of the organo-metallic 
compound and the MAO. The Zr and Al content deter- 
mined through ICP is 1.2% and 0.7% respectively. 



Claims 

1 . Catalyst component for the polymerization of alpha- 
. olefins in solution, in suspension, in gas phase at 
1 low and high pressure and temperature or in mass 
at high pressures and high or low temperatures, 
characterized in that it comprises a compound of 
general formulas I or II 

... (L(R) a ) x MX y ' I 



(R). 

L, 

/ \ 

[(R)c-QL MX d II 

\ / 
U 

I 

(R) b 



wherein: 
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R, equal to or different from each other, is a rad- 
ical which contains from 1 to 20 carbon atoms; 
this group optionally contains heteroatoms of 
groups 14 to 16 of the periodic table of the el- 
ements and boron; at least one group R con- 5 
tains a group OSiR n 3 , wherein R" is selected 
from the group comprising: C^-C^ alkyl , C 3 - 
C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 alkenyl, C 7 - 
C 2 o arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, 
linear or branched; 10 
m value ranges from 1 to 4; Q is selected from 
a group comprising: boron or an element from 
groups 14 or 16 of the periodic table, when m 
> 1 , groups Q are equal to or different from each 
other; the free valences of every Q are filled '5 
with groups R according to the value of c index; 
two groups R optionally are united to form a ring • 
from 5 to 8 atoms; 

L, equal to or different from each other, is a cy- 
clic organic group united to M through a n bond, 20 
it contains a cyclopentadienyl ring, that option- 
ally is fused with one or more other rings, or it 
is an atom from groups 1 5 or 16 of the periodic 
table; 

Li and L 2 , equal to or different from each other, 2s 
have the same meaning of L; 
M is a metal from groups 3, 4, 10 of the periodic 
table, lanthanide or actinide. 
X .equal to or different from each other, is se- 
lected from a group comprising: halogen, hy- 30 
drogen, OR"', N(R ,,, ) 2 , C r C 20 alkyl or C 6 -C 20 
aryl; wherein R n> is selected from the group 
comprising: C^-C^ alkyl, C 3 -C 20 cycloalkyl, 
O b -02q aryl, C 7 -C 20 alkenyl, C 7 -C 20 arylalkyl, 
C 7 -C 30 arylalkenyl or alkylaryl, linear or 35 
branched; 

x is 1 or 2, y is 2 or 3 in such a way that x + y = 4 
d ranges from 0 to 2; 

a, b and c are integers from 0 to 10, in such a 
way that a + b + c £ 1 . 40 

2. Catalyst component according to claim 1 wherein 
R is selected from the group comprising: C,-C 20 
alkyl , C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C7-C20 alke- 
nyl, C 7 -C 20 arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, <5 
linear or branched or a group SiR' 3 wherein R' is C-, - 
C 20 alkyl, C 3 -C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 
alkenyl, C^-C^ arylalkyl, C 7 -C 20 arylalkenyl or alky- 
laryl, linear or branched or OSiR" 3 ; at least one 
group R contains a group OSiR w 3 , wherein R n is se- 50 
lected from the group comprising: -C 20 alkyl , C 3 - 
C 20 cycloalkyl, C 6 -C 20 aryl, C 7 -C 20 alkenyl, C 7 -C 20 
arylalkyl, C 7 -C 20 arylalkenyl or alkylaryl, linear or 
branched; optionally all these groups contain heter- 
oatoms of groups 14 to 16 of the periodic table of 55 
the elements and boron. 

3. Catalyst component according to claims 1 -2 where- 



in M is selected from the group comprising: Ti, Zr or 
Hf. 

4. Catalyst component according to claims 1 -3 where- 
in the group R containing the group OSiR" is select- 
ed from the group comprising: -CH 2 -CH 2 -OSiMe 3 , 
-CH 2 -CH 2 -CH 2 -OSiMe 3> -CH 2 -0-CH 2 -OSiMe 3 , -O- 
CH 2 -CH 2 -OSiMe 3 , -SiMe 2 -CH 2 -CH 2 -OSiMe 3 . 

5. Catalyst component according to claims 1 -4 where- 
in, in the general formula I, L is cyclopentadienyl or 
indenyl; M is zirconium; x is 2; y is 2; R is C,-C 4 
alkyl, wherein at least one hydrogen of one R is sub- 
stituted with OSiR" 3 wherein R" is selected from the 
group comprising: Me, Et, Pr. 

6. Catalyst component according to claims 1 -4 where- 
in, in the general formula II, M is zirconium; L 1 and 
L 2 are cyclopentadienyl or indenyl group; R is a C r 
C 4 alkyl wherein at least one hydrogen of one R is 
substituted with OSiR n 3 or a SiR' 2 -OSiR n 3 group, 
wherein R n is selected from the group comprising: 
methyl, ethyl, propyl ; [(R) c Q] m is H 2 C-CH 2 , CRH- 
CH 2 , RHC-SiR' 2 , R 2 C-SiR' 2 or SiRRV 

7. Catalyst component according to claims 1 -4 where- 
in, in the general formula II, M is titanium; l_2 is an 
oxygen or a nitrogen atom; L, is a cyclopentadienyl, 
indenyl or fluorenyl ring; [(R) c Q] m is H 2 C-CH 2 , 
CRH-CH 2 , RHC-SiR 2> R 2 C-SiR' 2 or SiRRV 

8. Solid catalyst component obtainable by supporting 
the catalyst component according to claims 1-7 on 
a porous inorganic solid. 

9. Solid catalyst component according to claim 8 
wherein the porous inorganic solid is selected from 
the group comprising: silica, alumina, silica-alumi- 
na, aluminium phosphates and mixtures thereof. 

10. Process for the preparation of a solid catalyst com- 
ponent comprising the following steps: impregna- 
tion, under anhydrous conditions and inert atmos- 
phere, of asolution of at least one catalyst compo- 
nent according to claims 1 -7, on the supporting ma- 
terial at a temperature between -20° C and 90 °C; 
filtration and washing with a solvent, selected from 
aliphatic or aromatic hydrocarbon. 



1 1 . Process for the preparation of a solid catalyst com- 
ponent comprising the following steps: depositing 
the catalyst component according to claims 1 -7 on 
the support, by using a solution of the compound to 
heterogenize; eliminating the solvent through evap- 
oration; warming the solid residue up to tempera- 
ture between 25 and 1 50° C. 

1 2. Process for the preparation of a solid catalyst com- 
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ponent according to claim 10 wherein before the 
step of impregnation, under anhydrous conditions 
and inert atmosphere, of a solution of at least one 
catalyst component according to claims 1-7, the 
catalyst component is mixed with a cocatalyst. s 

13. Process for the preparation of a solid catalyst com- 
ponent according to claim 11 wherein before the 
step of depositing the catalyst component accord- 
ing to claims 1 -7 on the support, the catalyst com- 10 
ponent is mixed with a cocatalyst. 

14. Polymerization catalyst comprising the catalyst 
component according to claims 1 -9 and a cocata- 
lyst. is 

15. Polymerization catalyst according to claims 14, 
wherein the cocatalyst is selected from a group 
comprising: alkylaluminoxane, boron compound, or 
mixture thereof. 20 



niedrigen Temperaturen, dadurch gekennzeichnet, 
dass sie eine Verbindung der allgemeinen Formeln 
I oder II enthalt 

(L(R) a ) x MX y I 



(R). 



/ \ 

[(*).- QL. MX, 4 ii 

\ / 



16. Process for the polymerization of alpha-olefins in 
solution, in suspension, in gas phase at low and 
high pressure and temperature or in mass at high 
pressures and high or low temperatures comprising 2$ 
the use of a polymerization catalyst according to 
claims 14-15. 

17. Process for the polymerization of alpha-olefins in 
solution, in suspension, in gas phase at low and 30 
high pressure and temperature or in mass at high 
pressures and high or low temperatures according 

to claim 16 wherein the monomer is ethylene. 

18. Process for the polymerization of alpha-olefins in 35 
solution, in suspension, in gas phase at low and 
high pressure and temperature or in mass at high 
pressures and high or low temperatures according 

to claim 16, wherein the monomer is ethylene and 
the comonomer is selected from the group compris- 40 
ing: propylene, butene, hexene, octene and 4-me- 
thyl-1-pentene. 

19. Process for the polymerization of alpha-olefins in 
solution, in suspension, in gas phase at low and 
high pressure and temperature or in mass at high 
pressures and high or low temperatures according 
to claim 18, wherein the comonomer is used in pro- 
portions from 0, 1 to 70% by weight of the total of 

the monomers. 50 



Patentanspruche 

1 . Katalysatorkomponente zur Polymerisation von Al- 55 
pha-Olefinen in Losung, in Suspension, in Gaspha- 
se bei hohem und niedrigem Druck und Temperatur 
Oder in Masse bei hohen Drucken und hohen oder 



in welchen: 

die R-Gruppen, die gleich oder voneinander 
verschieden sind, 1 bis 20 Kohlenstoffatome 
enthaltende Radikale sind; wobei diese Gruppe 
Heteroatome der Gruppen 14 bis 16 der Peri- 
odentabelle und Bor enthalten kbnnen; und wo- 
bei wenigstens eine R-Gruppe eine OSiR B 3 - 
Gruppe enthalt, in welcher R" aus der aus ge- 
radlinigem oder verzweigtem C r C 20 .AIkyl, C 3 - 
C^-cycloalkyl, C 6 -C 20 -Aryl, Cy-C^-Alkenyl, 
C 7 -C 20 -Arylalkyl, Cy-C^-Arylalkenyl oder Alky- 
laryl bestehenden Gruppe ausgewahlt wird; 
die Werte von m liegen zwischen 1 und 4; Q 
wird aus der aus Bor Oder einem Element der 
Gruppe 14 oder 16 der Periodentabelle beste- 
henden Gruppe gewahlt, wobei die Q-Gruppen 
gleich oder voneinander verschieden sind, 
wenn m > 1 ; wobei die f reien Wertigkeiten aller 
Q-Gruppen gemass der c-Zahl mit R-Gruppen 
aufgefullt werden; und wobei die R-Gruppen 
verbunden sein konnen unter Ausbildung eines 
Rings aus 5 bis 8 Atomen; 
die gleichen oder voneinander verschiedenen 
L-Gruppen sind zyklische organische Gruppen, 
die uber eine 7u-Bindung an M gebunden sind, 
und enthalten einen Cyklopentadienylring, der 
mit einem oder mehreren verschiedenen Rin- 
gen kondensiert oder ein Atom der Gruppen 1 5 
oder 16 der Periodentabelle sein kann; 
L r und L 2 , die gleich oder voneinander ver- 
schieden sind, haben die selbe Bedeutung wie 
L; 

M ist ein Metall der Gruppen 3, 4 oder 10 der 
Periodentabelle, Lanthanide oder Aktinide; 
die X-Gruppen, die gleich *oder voneinander 
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verschieden sind, sind ausgewahlt aus der aus 
Halogen, Wasserstoff, OR*", N(R B, ) 2 , C^Cgg- 
Alkyl Oder C 6 -C 20 -Aryl bestehenden Gruppe, in 
welcher R n ' aus der aus geradlinigem Oder ver- 
zweigtem C r C 20 -Alkyl, C 3 -C 20 -Cycloalkyl, C 6 - 
C 20 -Aryl, C 7 -C 20 -Alkenyl C 7 -C 20 -Arylalky, C r 
C 20 -Arylalkenyl Oder Alkylaryl bestehenden 
Gruppe ausgewahlt ist; 

x ist 1 oder 2 und y ist 2 Oder 3, so dass x + y = 4 
d liegt zwischen 0 und 2; und 
a, b und c sind ganze Zahlen von 0 bis 10, so 
dass a + b + c > 1 . 

2. Katalysatorkomponente gemass Anspruch 1, wo- 
bei R aus der aus geradlinigem oder verzweigtem 
C 1 -C 20 .AIkyl, C 3 -C 20 -Cycloalkyl, C 6 -C 20 -Aryl, C 7 - 
C 20 -Alkenyl, Cy-C^-Arylalkyl, C 7 -C 20 -Arylalkenyl, 
Alkylaryl bestehenden Gruppe oder einer SiR' 3 - 
Gruppe ausgewahlt ist, in welcher R* geradliniges 
oder verzweigtes C r C 20 _Alkyl, C 3 -C 20 -Cycloalkyl, 
Cg-Cao-Aryl, C 7 -C 20 -Alkenyl, C 7 -C 20 -Arylalkyl, C 7 - 
C 20 -Arylalkenyl, Alkylaryl oder OSiR" 3 ist, wobei 
mindestens eine R-Gruppe eine OSiR" 3 - Gru PP e 
enthalt, in welcher R n aus der aus geradlinigem 
oder verzweigtem C^C^AIkyl, C 3 -C 20 -cycloalkyl, 
C 6 -C 20 -Aryl, C 7 -C 20 -Alkenyl, C 7 -C 20 -Arylalkyl, C 7 - 
C 20 -Arylalkenyl oder Alkylaryl bestehenden G ruppe 
ausgewahlt ist; wobei alle diese Gruppen Hete- 
roatomederGruppen 14 bis 16derPeriodentabelle 
sowie Bor enthalten konnen. 

3. Katalysatorkomponente gemass den Anspruchen 

1 -2, bei welcher M aus der aus Ti, Zr oder Hf beste- 
henden Gruppe ausgewahlt ist. 

4. Katalysatorkomponente gemass den Anspruchen 
1-3, bei welcher die die OSiR°-G ruppe enthaltende 
R-Gruppe aus der aus -CH 2 -CH 2 -OSiMe 3 , -CH 2 - 
CH 2 -CH 2 -OSiMe 3 , -CH 2 -0-CH 2 -, OSiMe 3 , -0-CH 2 - 
CH 2 -OSiMe 3 und -SiMe 2 -CH 2 -CH 2 -OSiMe 3 beste- 
henden Gruppe ausgewahlt ist. 

5. Katalysatorkomponente gemass den Anspruchen 
1-4, bei welcher in der allgemeinen Formel I, L Cy- 
clopentadienyl oder Indenyl ist; M Zyrkonium ist; x 

2 ist; y 2 ist; und R C^C^AIkyl ist, wobei minde- 
stens ein Wasserstoff eines R mit OSiR" 3 ersetzt 
ist, wobei R" aus der aus Me, Et und Pr bestehen- 
den Gruppe ausgewahlt ist. 

6. Katalysatorkomponente gemass den Anspruchen 
1-4, bei welcher in der allgemeinen Formel II, M Zyr- 
konium ist; L n und L 2 Cyclopentadienyl- oder Inde- 
nylgruppen sind; R ein C.,-C 4 -Alkyl, in welchem 
mindestens ein Wasserstoff eines R mit OSiR tt 3 er- 
setzt ist, oder eine SiR' 2 -OSiRV Gru PP e ist . De " 
welcher R" aus der aus Methyl, Ethyl, Propyl beste- 
henden Gruppe ausgewahlt ist; und [(R) c Q] m H 2 C- 



CH 2 , CRH-CH 2 , RHC-SiR' 2 , R 2 C-SiR' 2 oder SiRR' 
ist. 

7. Katalysatorkomponente gemass den Anspruchen 
5 1-4, bei welcher in der allgemeinen Formel II, M Ti- 
tanium ist; L 2 ein Sauerstbff- oder Stic kstoff atom ist; 

ein Cyclopentadienyl-, Indenyl- oder Fluorenyl- 
ring ist; und [(R) c Q] m H 2 C-CH 2 , CRH-CH 2 , RHC- 
SiR' 2 , R 2 C-SiR' 2 oder SiRR' ist! 

10 

8. Katalysatorkomponente, die durch das Auftragen 
der Katalysatorkomponente gemass der Anspru- 
che 1-7 auf einen porosen anorganischen Feststoff 
erhalten werden kann. 

15 

9. Katalysatorkomponente gemass Anspruch 8, bei 
welcher der porose anorganische Feststoff aus der 
aus Kiesel, Tonerde, Aluminiumphosphaten und Mi- 
schungen derselben bestehenden Gruppe ausge- 

20 .... wahltwird. 

10. Verfahren zur Herstellung einer festen Katalysator- 
komponente, welches die folgenden Stufen be- 
inhaitet: Impragnierung, unter wasserfreien Bedin- 

25 gungen und in Ihertatmosphare, einer Losung aus 
mindestens einer Katalysatorkomponente gemass 
den Anspruchen 1 -7 auf das Tragermaterial bei ei- 
ner Temperatur zwischen -20°C und 90°C; Filtern 
und Waschen mit einem aus aliphatischen oder aro- 

30 matischen Kohlen wasserstoff en ausgewahlten L6- 
sungsmittel. 

11. Verfahren zur Herstellung einer festen Katalysator- 
komponente, welches die folgenden Stufen be- 

35 inhaltet: Auftrag der Katalysatorkomponente ge- 
mass den Anspruchen 1 -7 auf den Trager unter Ver- 
wendung einer Losung der zu heterogenisierenden 
Verbindung; Abdampfen des Losungsmittels; und 
Erhitzen des festen Ruckstand auf eine Temperatur 

40 von25bis150°C. 

12. Verfahren zur Herstellung einer festen Katalysator- 
komponente gemass Anspruch 1 0, bei welchem vor 
der Impragnierstufe, unter wasserfreien Bedingun- 

45 gen und in Inertatmosphare, einer Losung aus min- 
destens einer Katalysatorkomponente gemass den 
Anspruchen 1 -7, die Katalysatorkomponente mit ei- 
nem Cokatalysator gemischt wird. 

50 1 3. Verfahren zur Herstellung einer festen Katalysator- 
komponente gemass Anspruch 11 , bei welchem vor 
der Auftragstufe der Katalysatorkomponente ge- 
mass den AnsprOchen 1 -7 auf den Trager, die Ka- 
- talysatorkomponente mit einem Cokatalysator ge- 

55 mischt wird. 

14. Polymerisationskatalysator, welcher die Kataylsa- 
torkomponente gemass den Anspruchen 1 -9 sowie 
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einen Cokatalysator enthalt. 

15. Polymerisationskatalysator gemass Anspruch 14, 
bei welchem der Cokatalysator aus der aus Alky- 
laluminoxan, Borverbindung Oder Mischungen der- s 
selben bestehenden Gruppe ausgewahlt wird. 

16. Verfahren zur Polymerisation von Alpha-Olefinen in 
Losung, in Suspension, in Gasphase bei hohem 
und niedrigem Druck und Temperatur oder in Masse 10 
bei hohen Drucken und hohen Oder niedrigen Tem- 
peraturen, bei welchem ein Polymerisationskataly- 
sator gemass den Anspruchen 14-15 verwendet 
wird. 

15 

17. Verfahren zur Polymerisation von Alpha-Olefinen in 
Losung, in Suspension, in Gasphase bei hohem 
und niedrigem Druck und Temperatur oder in Masse 
bei hohen Drucken und hohen oder niedrigen Tem- 
peraturen gemass Anspruch 16, bei welchem das 20 
Monomer Athylen ist. 

18. Verfahren zur Polymerisation von Alpha-Olefinen in 
Losung, in Suspension, in Gasphase bei hohem 
und niedrigem Druck und Temperatur oder in Masse 25 
bei hohen Drucken und hohen oder niedrigen Tem- 
peraturen gemass Anspruch 16, bei welchem das 
Monomer Athylen ist und das Comonomer aus der 
aus Propylen, Buten, Hexen, Octen und 4-Methyl- 

1 -Penten bestehenden Gruppe ausgewahlt wird. 30 

19. Verfahren zur Polymerisation von Alpha-Olefinen in 
Losung, in Suspension, in Gasphase bei hohem 
und niedrigem Druck und Temperatur oder in Masse 

bei hohen Drucken und hohen oder niedrigen Tern- 35 
peraturen gemass Anspruch 18, bei welchem das 
Comonomer im Verhaltnis von 0,1 bis 70 Gew.-% 
der Gesamtheit der Monomere eingesetzt wird. 



Revendications 

1 . Composant catalyseur pour la polymerisation d'al- 
pha-olefines en solution, en suspension, en phase 
gazeuse a haute et basse pression et temperature *s 
ou en masse a hautes pressions et hautes ou bas- 
ses temperatures, caracterise parce qu'il comprend 
un compose des formules generates I ou II 

50 

(L(R) a ) x MX y I 



(R). 

r 

Li 

/ \ 

[(*).- QL MX d ir 

\ / 



ou: 

Les groupes R, qui sont egaux ou differents en- 
tre eux, sont radicaux contenant entre 1 et 20 
atomes de carbone; ce groupe contenant op- 
tionnellement des hSteroatomes des groupes 
1 4 a 1 6 de la table periodique des elements et 
bore; et contenant au moins un groupe R et un 
groupe OSiR° 3 , ou R" est selectionne dans le 
groupe compose de: alcoyle C r C 20 , cycloal- 
coyle C 3 -C 20 . aryle C 6 -C 20 , alk6nyle Cy-CgQ, 
arylalcoyle C7-C20. arylalkenyle C 7 -C 2 o o al- 
coylaryle, lineaire ou ramifie; 
Les valeurs de m varient entre 1 et 4; Q est se- 
lectionne dans le groupe compose de: bore ou 
un element des groupes 14 ou 16 de la table 
periodique, les groupes Q etant egaux ou dif- 
ferents entre eux quand m > 1 ; les valeurs li- 
bres de tous les groupes Q se completant avec 
les groupes R selon la valeur de Pindice c; et 
deux groupes R etant optionnellement unis 
pour former un anneau de 5 a 8 atomes; 
Les groupes L, egaux ou differents entre eux, 
sont des groupes cycliques organiques unis a 
M par une liaison n, ils contiennent un anneau 
cyclopentadiene, optionnellement condense 
avec un ou plusieurs anneaux differents, ou il 
s'agit d'un atome des groupes 15 ou 16 de la 
table periodique; 

L, et l_2, egaux ou differents entre eux, ont le 
meme sens que L; 

M est un metal des groupes 3, 4 ou 10 de la 
table periodique, lanthanides ou actinides; 
Les groupes X, egaux ou differents entre eux, 
sont selectionnes dans le groupe compose de: 
halogene, hydrogene, OR n \ N(R 0, ) 2 , alcoyle 
C r C 20 o aryle C 6 -C 20 ; ou R UI est selectionne 
dans le groupe compose de: alcoyle C-j-C^, 
cycloalcoyle Cs-C^, aryle C 6 -C 20 , alkenyle C 7 - 
CgQ, arylalcoyle Cy-C^, arylalkenyle C 7 -C 20 o 
alcoylaryle, lineaire ou ramifie; 
x est 1 ou 2 et y est 2 ou 3, de telle facon que 
x + y = 4 

d varie de 0 a 2; et 

a, b et c sont des chiffres entiers de 0 a 1 0, de 
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telle facon que a + b + c > 1 . 

2. Composant catalyseur selon la revendication 1 , ou 
R est s6lectionne dans le groupe compost de: al- 
coyle C-,-C 20 , cycloalcoyle C 3 -C 20 , aryle C 6 -C 20 . 
alkenyle Cj-C^ arylalcoyle C 7 -C 20 , arylalkenyle 
c 7" c 20» alcoylaryle, lineaire ou ramifie, ou un grou- 
pe SiR' 3 , ou R' est alcoyle C^-C 2 o, cycloalcoyle C 3 - 
C 2 o, aryle C 6 -C 20 , alkenyle Cy-C^, arylalcoyle C 7 - 
C 20 , arylalkenyle C 7 -C 20 , alcoylaryle, lineaire ou ra- 
mifie, ou OSiR" 3 ; contenant au moins un groupe R 
et un groupe OSiR" 3 , ou R" est selectionne dans le 
groupe compose de: alcoyle C^C^, cycloalcoyle 
C 3 -C 20 , aryle C 6 -C 20 , alkenyle Cy-C^, arylalcoyle 
C 7 -C 20 , arylalkenyle C 7 -C 20 o alcoyaryle, lineaire 
ou ramifie; tous ces groupes contenant optionnel- 
lement des heteroatomes des groupes 14 a 16 de 
la table periodique des elements et bore. 

3. Composant catalyseur selon les revendications 
1 -2, ou M est selectionne dans le groupe compose 
de: Ti, Zrou Hf. 

4. Composant catalyseur selon les revendications 
1-3, ou le groupe R contenant le groupe OSiR" est 
selectionne dans le groupe compose de: -CH 2 - 
CH 2 -OSiMe 3l -CH 2 -CH 2 -CH 2 -OSiMe 3) -CH 2 -0- 
CH 2 -, OSiMe 3 , -0-CH 2 -CH 2 -OSiMe 3 et -SiMe 2 - 
CH 2 -CH 2 -OSiMe 3 . 

5. Composant catalyseur selon les revendications 1 -4 
ou, dans laformule generale I, L est cyclopentadie- 
ne ou indene; M est zirconium; x est 2; y est 2; et 
R est alcoyle C 1 -C 4 , ou au moins un hydrogene d'un 
R est remplace par OSiR" 3 , R" etant selectionne 
dans le groupe compose de: Me, Et et Pr. 

6. Composant catalyseur selon les revendications 1 -4 
ou, dans la formule generale II, M est zirconium; L, 
et L 2 sont des groupes cyclopentadiene ou indene; 
R est un alcoyle C r C 4 ou au moins un hydrogene 
d'un R est remplace parOSiR" 3 ou un groupe SiR 2 - 
OSiR u 3 , ou R" est selectionne dans le groupe com- 
pose de: methyle, ethyle, propyle; et [(R) c Q] m est 
H 2 C-CH 2 , CRH-CH 2 , RHC-SiR' 2 , R 2 C-SiR' 2 ou 
SiRR\ 

7. Composant catalyseur selon les revendications 1 -4 
ou, dans la formule generale II, M est titane; est 
un atome d'oxygene ou de nitrogene; L, est un an- 
neau cyclopentadiene, indene ou fluorenyle; et 
[(R) c Q] m est H 2 C-CH 2 , CRH-CH 2 , RHC-SiR' 2 , R 2 C- 
SiR' 2 ou SiRR'. 

8. Composant catalyseur solide pouvant s'obtenir en 
supportant le composant catalyseur selon les re- 
vendications 1-7 sur un solide inorganique poreux. 



9. Composant catalyseur solide selon la revendication 
8, ou le solide inorganique poreux est selectionne 
dans le groupe compose de: silice, alumine, silice- 
alumine, phosphates d'aluminium et melanges de 

s ceux-ci. 

10. Processus de preparation d'un composant cataly- 
seur solide comprenant les etapes suivantes: im- 
pregnation, dans des conditions anhydres et at- 

10 mosphere inerte, d'une solution d'au moins un com- 
posant catalyseur selon les revendications 1-7 sur 
le materiel de support a une temperature comprise 
entre -20°C et 90° C; filtration et lavage avec un dis- 
solvant selectionne parmi hydrocarbures aliphati- 

is ques ou aromatiques. 

11. Processus de preparation d'un composant cataly- 
seur solide, comprenant les etapes suivantes: de- 
position du catalyseur selon les revendications 1-7 

20 sur le support en utilisant une solution du compose 
que Ton souhaite heterogeneiser; elimination du 
dissolvant par evaporation; et chauffage du residu 
solide jusqu'a une temperature comprise entre 25 
et 150°C. 

25 

12. Processus de preparation d'un composant cataly- 
seur solide selon la revendication 10, ou avant i'eta- 
pe d'impregnation, dans des conditions anhydres et 
une atmosphere inerte, d'une solution d'au moins 

30 un composant catalyseur selon les revendications 
1-7, le 1 composant est melange a un cocatalyseur. 

13. Processus de preparation d'un composant cataly- 
seur solide selon la revendication 1 1 , ou avant I'eta- 

35 pe de deposition du composant catalyseur selon las 
revendications 1 -7 sur le support, le composant ca- 
talyseur est melange a un cocatalyseur. 

14. Catalyseur de polym6risation comprenant le com- 
^0 posant catalyseur selon les revendications 1-9 et 

un cocatalyseur. 

15. Catalyseur de polymerisation selon la revendica- 
tion 14, ou le cocatalyseur est selectionne dans un 

45 groupe compose de: alcoylaluminoxane, compose 
de bore ou melanges de ceux-ci. 

16. Processus de polymerisation d'alpha-olefines en 
solution, en suspension, en phase gazeuse a basse 

50 et- haute pression et temperature ou en masse a 
hautes pressions et hautes ou basses temperatu- 
res, "comprenant I'utilisation d'un catalyseur de po- 
lymerisation selon les revendications 14-15. 

55 17. Processus de polymerisation d'alpha-olefines en 
solution, en suspension, en phase gazeuse a basse 
et haute pression et temperature ou en masse a 
hautes pressions et hautes ou basses temperatu- 
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res selon la revendication 16, ou le monomere est 
ethylene. 

18. Processus de polymerisation d'alpha-olefines en 
solution, en suspension, en phase gazeuse a basse 5 
et haute pression et temperature ou en masse a 
hautes pressions et hautes ou basses temperatu- 
res selon la revendication 16, ou le monomere est 
ethylene et le comonomere est selectionne dans le 
groupe compose de: propylene, butene, hexene, 10 
octene et 4-methyle-1-pentene. 

19. Processus de polymerisation d'alpha-olefines en 
solution, en suspension, en phase gazeuse a basse 

et haute pression et temperature ou en masse a 15 
hautes pressions et hautes ou basses temperatu- 
res selon la revendication ou le comonomere est 
utilise en des proportions de 0,1 a 70% en 



15 



EP 0 839 836 B1 




16 



EP 0 839 836 B1 



Figure III 




17 



